Relevance of final state interactions in rj tjtttt decays 
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A study of the rj' — > rjir-K Dalitz plot distribution is presented in this talk. The size of the branching ratio is 
properly understood within (7(3) Chiral Perturbation Theory and Resonance Chiral Theory, in the framework 
of the 1/Nc expansion. Nonetheless, unitarity effects must be incorporated in order to achieve an appropriate 
description of the Dalitz slope parameters. After taking the final state interactions into account, our predictions 
become now in agreement with the available experimental measurements, although some clear differences show 
up with respect to previous theoretical estimates. 
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1. Introduction 

In this talk we present the results obtained 
for the rj' — > rjmT decay [T] within the frame- 
work of chiral Lagrangians and the 1 /Nq expan- 
sion [2]. Since G-parity prevents intermediate 
vector mesons to contribute, the scalars play a 
crucial role in this decay, specially the /o(600) 
(or a) resonance even though the ao(980) is also 
present and, indeed, dominant for the branching 
ratio. 

This decay is used here to test Chiral Pertur- 
bation Theory (xPT) ^3) and its extensions such 
as large-iVc C/(3)-xPT [3] and Resonance Chi- 
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ral Theory (R^T) [5], eventually providing pre- 
dictions for some relevant hadronic parameters. 
Recently, the GAMS-47r and VES Collaborations 
have measured the related Dalitz plot parameters 
which characterize the shape of the decay j6|7j . 
complementing older results [5]. New improved 
measurements are foreseen at KLOE-2, Crystal 
Ball, Crystal Barrel and maybe WASA. 

On the theory side, the rj' — >■ rjTn: decays have 
been studied within an effective chiral Lagrangian 
approach in which the lowest lying scalar mesons 
are combined into a nonet [9] and, more recently, 
within the framework of U (3) chiral effective field 
theory in combination with a coupled-channels 
approach [10,. Other older analyses based on chi- 
ral symmetry can be found in [llj. 

In the isospin limit considered all along the 
work the charged and neutral decay amplitudes 
coincide, although the neutral decay rate has an 
extra 1/2 factor due to phase-space symmetry. 
The Dalitz plot distribution for the charged decay 
can be described by the two kinematic variables 
X = f - T.-) and Y = ^^^^^ - 1, 
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where T^±^ri denote the kinetic energies of mesons 
in the ri' rest frame: = , = 



(m^/ — m„)^ —u 
2m3 



T - 



and Q = 



+T^- — m,Y — m.ri — 2m7r. The Mandelstam 
variables s = {p^+ +P7r-)^i t = {Pn' + Ptt-)'^ and 
u = {prf +P7r+)^ have been employed here, which 
obey the relation s + t + u — m^, + rn^^ + 2to^. 
The squared modulus of the decay amplitude can 
be then expanded around the center of the Dalitz 
plot [1]: 
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Odd terms in X are forbidden due to charge con- 
jugation and the symmetry of the wave function. 

2. Large-iVc xPT 

Large- A^C" Chiral Perturbation Theory is an ef- 
fective field theory where, due to the large-A^c 
limit [Nc co) 2 , the singlet axial current is 
also conserved, the chiral symmetry is enlarged 
to [/(3) and the 77' becomes the ninth Goldstone 
boson [1]. A simultaneous expansion in powers 
of momenta , quark masses and 1/Nc is devised, 
such that mu,d,s, l/Nc = 0{S) [4 . At NLO, 
one finds the prediction [1] 
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with the NLO chiral low. energy constants (LECs) 
-^2,3,5,8 and A2, and the Cqq and Cqs coefficients 
providing the strange (s) and non-strange (q) 
component in the external state rj — rj' [1 . The 



employed values of L5, Lg and A2 [T] are not actu- 
ally crucial, since they are suppressed by powers 
of m^. The dominant term is given by the com- 
bination 3L2 + L3, which is fixed by means of 
the experimental branching ratio S,,,/^,,,7r+7r- = 
(43.2 ± 0.7)% [12] and will be used to predict 
the Dalitz-plot parameters which characterize the 
shape of the decay. 

3. Resonance Chiral Theory 

In the case of RChT at large Nc [5] , one has 
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1 [cd{t - - ml) + 2c„TO^] 
Mj-t 

X [cd{t - m^, - ml) + 2craml] 
1 [cd{u - - ml) + 2cmml] 

X [cd{u - m^, - ml) + 2c,nml] 
1 [cd{s - TO^ - ml^, ) + 2c„imJ] 

x[cd{s - 2ml) + 2c,„m2] I . 



The largest contribution comes from the Cd terms, 
which are proportional to the external momenta. 
Everything else is proportional to ml , being sup- 
pressed. If one now performs the chiral ex- 
pansion of the RxT amplitude at low-energies 
{s,t,u,m'j, < Mj), the large- TVc ChPT re- 
sult ([2]) is recovered up to contributions sublead- 
ing in l/A^c [US]- 

We used Ms = 980 MeV for the scalar mul- 
tiplet mass, the resonance coupling Cm from the 
high-energy scalar form-factor constraint Cm = 
|13| (not very relevant as it always appears 
multiplied by a ml factor) and the value Cd = 
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28.4 MeV fixed through the experimental branch- 
ing ratio, B{jf r^Tr+Tr") = (43.2 ± 0.7)% [12]. 

In addition to the contribution from scalar res- 
onances, one might also consider the impact of 
J = 2 resonances. Still, as the mass of the light- 
est tensor multiplet is roughly Mf^ = 1.2 GeV, 
one may just consider its leading effect in 
rather than the whole non-local resonance prop- 
agator structure. Thus, it induces a contribution 
that has the form of the (3L2 + L3) term from 
Eq. ^ [I], where the tensor resonance contribu- 
tions to the 0(p4) LECs {SL'^+Lj = 9)J^Mj^ = 
0.16 • lO^'') were estimated in Ref. [TJ, after 
imposing high energy constraints on the tttt- 
scattering. 

4. Unitarization 

The narrow width of the ao(980) [12] and the 
smallness of the TyTr scattering-length [TS] seem to 
point out the little relevance of the rescattering in 
this channel. Thus, in the elastic region (no other 
channel opens up in the ry'-decay phase-space), 
one has the approximate s-channel unitarity re- 
lation for the TTTT rescattering, 

ImX,7(s) = p{s)T;}{s)* Mj{s), (4) 

where the decay amplitude M{s^t,u) has been 
decomposed into partial waves Mj{s) in the tttt 
angle 9^ [IJ, p{s) = ^1 - Ami/ s and Tj=°{s) 
is the isoscalar tttt partial-wave scattering ampli- 
tude. The absorptive cuts in the t and u rjn- 
channels have been neglected in (HJ). 

There are various options for the reconstruc- 
tion of the unitarized amplitude as the optical 
theorem only refers to the absorptive part of the 
amplitude. In our opinion, the N/ D-method [16] 
is the most reliable one, as it also incorporates 
the real part of the logarithm that arises in the 
two-propagator Feynman integral _Bo(s, w^, ^ri^) 



at one loop, not only its imaginary part p(s)/167r: 

M{s,t,uf/'^ = ^ 327r (2 J -M)Pj (0056*^) 
J 

1 - 167:Bo{s,ml,ml)Tn3r'"'' 

(5) 

with the Legendre polynomials P,j{x), the partial 
wave decomposition of the previously computed 
tree-level amplitudes Mj{sf''"' and Tj'(s)*'■<'^ 
and 167r2Bo(s,m2,TO2) ^ c - p{s)\n^^^. Ac- 
tually, the integral Bq is ultraviolet divergent and 
has a local indetermination C (denoted through 
a'^^(so) in the N/ D analysis [16]) which requires 
an extra renormalization condition. We will fix 
it by means of the experimental range for the 
Dalitz-parameter a = -0.098(48) [USE]. 

5. conclusions and discussion 

In this talk we have presented some new results 
on the 77' — >■ TyTTTT decay within the large- A^c xPT 
and RxT frameworks [1] . In both of them, the or- 
der of magnitude of the experimental branching 
ratio is conveniently understood. Furthermore, 
we obtained successful predictions for the Dalitz 
slope parameters based on the s-channel unita- 
rization of our tree-level amplitudes [1]. These 
have been summarized in Table [T^nd compared to 
other theoretical predictions 10 and experimen- 
tal measurements [617) . Preliminary results from 
BES-III seem to provide much more precise deter- 
minations: a = -0.047(12), b = -0.068(21) and 
d = -0.073(13) [II]. This clearly would favour 
our determinations with respect to previous the- 
oretical studies which predict a very small or pos- 
itive Dalitz parameter d [lOj . Future experiments 
will be able to discern what is the most conve- 
nient framework for the study of this and other 
77' decays. 
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U{3) - xPT T 


RxT m 


Th. [TO^ 


Th. TO 


Exp. ^ 


Exp. [7] 


a[r] 


-0.098(48)t 


- 0.098(48)^ 


-0.127(9) 


-0.116(11) 


-0.066(16)(3) 


-0.127(16)(8) 




-0.0497(8) 


- 0.0332(5) 


-0.049(36) 


-0.042(34) 


-0.063(28)(4) 


-0.106(28)(14) 




-0.092(8) 


-0.0718(3) 


+0.011(21) 


+0.010(19) 


+0.018(78)(6) 


-0.082(17)(8) 


K21 [X^Y] 


0.003(2) 


-0.009(2) 












0.0022(4) 


0.0013(1) 











Table 1 



The results for the Ai'/D-unitarized xPT amphtude are given in the second column 1 . In the third column we 
consider theA'^/D-unitarization of RxT, including the contribution from J = 2 resonances [1]. In both cases, 
the a parameter was taken as input. The fourth and fifth columns provide previous theoretical predictions for, 
respectively, the -q' riTr'^Tr'^ and rj' — >■ rj-K^-K~ decays [TD]. The last two columns contain the experimental 
measurements from GAMS-47r [5] and VES [7], respectively. 
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